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Abstract 
The design and construction of a device to perform and control the movements of the substrate during the 
epitaxial growth of layers by the liquid phase epitaxy technique is presented.  An electromagnet is used to 
keep the hermeticity of the system and to reduce the power requirements of the electrical motor that drives the 
movements. The core of the electromagnet is coupled to the sliding ruler that contains the substrate through a 
molybdenum rod. The electromagnet is fixed to a carriage moved by a worm screw that is coupled to the 
electric motor rotor. The motor is controlled by a system based on a PIC18F4550 microcontroller that works 
as the host of a LM629, this IC is controls the position, speed and acceleration of devices whose position is 
given by incremental signals in quadrature. The LM629 generates a trapezoidal signal to perform the 
movement with a given speed and acceleration. The trajectories are defined in the PC by means of a 
LabVIEW program, the data are sent to the PIC18F4550 microcontroller via the USB port that works as the 
interface between the PC and the LM629. 
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1. Introduction
The Liquid Phase Epitaxy (LPE) technique was largely used in the past to grow epitaxial heterostructures
for the development of optoelectronic devices, however, it lost popularity due to the arise of other growth
techniques such as Molecular Beam Epitaxy and Organo-Metallic Chemical Vapor Deposition that allow
better control of the main characteristics of the epitaxial layers. However, these new techniques are very
expensive, dangerous and complicated as compared to LPE.
The thickness of a layer is a very important parameter in the design of optoelectronic devices. In LPE the 
thickness of a layer depends on the time lapse of contact between the supersaturated liquid solution and the
substrate. In most of the cases this time was adjusted manually by the operator performing the movements 
during a growth experiment [1-2]
LPE another important cause is the poor control over the supersaturation degree of the liquid solution.
Briefly the LPE technique can be described as the deposition of the epitaxial layer from the direct 
precipitation of the excess solute of a supersaturated solution when it is placed in contact with a substrate. The
contact between the liquid and the substrate is done by sliding a ruler that contains the substrate as shown in 
the photograph of Fig. 1.To grow heterostructures it is necessary to make contact between the substrate and
several solutions, the contact times change for every solution. The LPE technique can be implemented in a
relatively easy way by the user with a rather low budget.
This technique is the one that, to day, produces the better quality materials for optoelectronic devices. The aim 
of this work is to improve the control over the thickness of the grown layers, automating the movements of 
the substrate during the growth processes. In this way it is possible to have better reproducibility and control
over the characteristics of the movements, acceleration, speed and duration of contact. The system also 
does the displacement with an irregular speed. It permits as well the growth during shorter times in a 
reproducible way [1-2].
Fig. 1 Graphite boat sliding type: Trunk and Sliding ruler.
2. Mechanism
This section describes the mechanical system built to automate the deposition of excess material from liquid
solutions by contacting the substrate with the liquid part. Fig. 2 shows a sketch of the mechanical system 
implemented.
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The cap of the reactor tube has a welded stainless steel tube of about 30 cm in length; the core of the 
electromagnet goes inside the tube and attached to the core there is a molybdenum rod that fixes the core to 
the graphite slider ruler that carries the substrate. The coil, on the outside of the tube, sits on a carriage moved 
by a worm screw that is coupled to the electric motor rotor. The worm screw has a pitch of 10 cords per cm, 
this gives us the ability to have displacements of 1 mm per revolution considering the resolution of the 
encoder this means a resolution of 0.005 mm in the position this is far in excess of what is needed in the 
experiments. There are travel limit sensors to avoid damage to the motor not seen in the sketch [3]. 
 
 Fig. 2 Mechanical system implemented for controlling the deposition of crystals by LPE. 
 
3.  Hardware 
 
The thickness of the layers is determined by the position, speed and contact time of the movement. When 
breaking the contact between the liquid and the substrate it is important to control the acceleration and speed 
to avoid rupturing t   The position, 
speed and contact time of the movement are determined by the control of a DC motor using the technique of 
Pulse Width Modulation (PWM). The following figure shows the block diagram of the control hardware. 
 
 
 
Fig. 3 Control hardware to implement the movement 
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The electronic system consists of a microcontroller LM629 National Semiconductor Company which operates 
as a slave, it specializes in motion control of DC motors, brushless servo motors and all kinds of servos that 
are governed by a feedback signals in quadrature of the incremental type [7]. Its main features are: 
 
 Three are 32-bit registers for position, velocity and acceleration. 
 
 Programmable digital PID control. 
 
 A PWM output signal of 8 bits in magnitude and sign. 
 
 An internal generator of trapezoidal trajectory profiles. 
 
 The speed, position and PID parameters can be changed during the movement. 
 
 Two operating modes: position and velocity. 
 
 It is able to manage incremental quadrature signal. 
 
To start the motion, the processor loads the values of acceleration, velocity and position in the desired 
trajectory generator of the LM629. During each sampling period these values are used to calculate the new 
desired position, which is subtracted from the actual position obtained by the incremental optical encoder 
generating the error signal, which is input to the PID controller. Once this occurs the output PWM signal goes 
to the power stage and fed to the motor. For our application LM629 operates in position mode, the master 
processor load parameters of acceleration, velocity and position. Speed increases depending on the specified 
acceleration until the desired speed is reached. The speed is maintained until the engine braking is activated, 
with a magnitude equal to the deceleration. 
 
The interface between the PC and the LM629 is implemented with a PIC18F4550 which communicates via 
USB port running at full speed bulk transfer mode with the PC to receive commands and data to load to the 
LM629. This will be indicated to the LM629 to generate or update a new path which will be implemented by 
the engine; Fig. 4 shows an electronic control of the movements for crystal growth by LPE [4, 5, 8]. 
 
 
    
 
Fig. 4 Electronic control based on a PIC18F4550 and LM629 
185 Francisco Sánchez-Niño and Francisco J. de Anda-Salazar /  Procedia Technology  7 ( 2013 )  181 – 188 
 
As the driver to power the motor there is an H-bridge, LMD18200, also from National Semiconductor. The 
control loop uses as feedback an incremental encoder with resolution of 200 pulses per revolution and 
maximum rotation speed of 6000 rpm, MES-20-200P from Microtech Company, fig. 5 shows the power 
supply to the motor. 
 
 
Fig. 5 Power supply to the motor.  
 
 
4. Software 
 
 
The control program has been developed in the LabVIEW programming environment. The control panel is 
shown in Fig. 6 it allows to program several trajectories, at start, the sequences of movements to be executed 
are sent to the LM629 to position the substrate in the desired positions [5, 9]. 
 
 
 
Fig. 6 Main control panel. 
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Besides the LabVIEW control program another program was implemented for PIC18F4550 microcontroller 
which is the master of LM629. The program consists basically in fifteen subroutines and the main program 
which are in charge of configuring PIC18F4550, the USB communication, the LM629 configuration, the 
detection of the home position and the detection . These routines are briefly 
described next [7]. 
 
 Initializing routine: in charge of setting the PIC18F4550 ports such as digital inputs or outputs, 
assign analog ports and cleaning the variables. 
 
 Ready Routine: is responsible for checking the busy bit in the status register of the LM629. 
 
 Tray End Routine: Determines if the desired trajectory was run. 
 
 Routine Command: responsible for executing the commands in the LM629. 
 
 Routine Datald: LM629 data load. 
 
 Reset_LM routine: routine responsible for verifying that the restoration of the LM629 is correct. If 
the reset was executed must change the status byte 0x00 to 0x84 or 0xC4. After cleaning records the 
status byte to 0x80 0x84 changes to 0xC0 or 0xC4. 
 
 Filter on routine: energizes the motor, load the PID parameters and the trajectory to be performed by 
the motor. 
 
 Routine Motor_off:  turns off the motor. 
 
 Routine Position: loads the desired position in the appropriate register. 
 
 Routine Speed: loads the maximum speed to reach in the specified record. 
 
 Routine Acceleration: Loads the desired acceleration. 
 
 Routine Home: defines the position of the system  absolute zero. 
 
 Routine # int_RB7_RB4: interrupt service routine bits 4-7 of port B change, these channels are 
connected to sensors career and home. 
 
 Hexa Routine: responsible for converting data from ASCII path to binary code. 
 
 Validates Routine: responsible for validating the data to load into the LM629. 
 
 Concatenate Routine: concatenate data. 
 
 Main routine: main routine of the program, as well as calling other routines also runs the 
PIC18F4550 communication with the PC via the USB port. 
 
This set of routines and the main program was developed in the C programming language using PIC C 
Compiler CCS Company that supports the vast majority of families of Microchip's PIC microcontrollers. 
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Figure thirteen shows a block diagram of some of the functions developed for the PIC control program; fig. 7
shows the flow chart of a routine of the microcontroller that controls the electromagnet movements
Fig. 7 Flow chart for movement control. .
4. Results and discussion
The movement control system has been integrated with the other automatic systems that control the
temperature program, the pumping and flow of gases in the LPE experiments. It is currently being used in the
LPE growth experiments. The maximum speed that can be attained is 3 m/min; it is limited by the power 
supply to the DC motor. The substrate is positioned with an accuracy of about 0.5 mm this is much larger than
the accuracy of the mechanical system, limited by the worm screw and encoder. This big difference is
attributed to the solenoid lag. It is known that the force that the solenoid coil exerts on the core is a function of 
the position of the core outside the coil; it is zero when the core is inside the solenoid. When the coil stops 
after reaching the programmed position, the core lags behind  and stops when the force acting on it is not
enough to overcome the friction of the graphite sliding ruler.
This system allows a better control of the time that the liquid solution stays in contact with the substrate and
therefore it would help to improve the control of the layer thickness. However the quantification of the
improvement that can be achieved is very difficult because it would be necessary to do several experiments
under precisely the same initial growth conditions. It would be necessary to have exactly the same liquid
composition, the same growth temperature, the same degree of supercooling and even the same degree of 
cleanliness of the substrates surfaces.
the results of different experiments, it is impossible to separate the effect, on the layer thickness, of the
duration of the contact from the other parameters such as the supercooling degree, liquid solution 
composition, etc.
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 The most noticeable effect of the movement control is the disappearance of the meniscus lines caused by 
irregular displacements of the substrate when it is brought into contact with the liquid solution. 
 
 
5. Conclusions 
 
A system that controls the position, speed and acceleration of the substrate during an LPE experiment has 
been designed constructed and tested in actual experiments. The design comprised the software, electronic 
and mechanical hardware. Several movements in sequence can be programed, each with its own speed and 
acceleration. 
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